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mm&] mmm 
1 1 

r k j m t & & timm m # > a° * m&m& ic & & xmu ^mm ?c m l & # > a ^ 
*>rt9'&'s<Dm&nm3-*:'£tiys. jm<t>mAmifi'p&< 8 o 

%T'fe5Ii: i:t5 &JNH1& # > A ^ SteJ&# JC <fc & # > A * K©SS3i:£i£ 

o 

«tr mmmm *ynv 3§#fBi zfrLxmrnttrnz z.fr*m 

ifriE38*fK*<, #1HHF-*10, 000-100, 000©38*fJK^&Siil*^ 2 -5^*1 
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if 1 ~ 6 M4x^SB*0**S„ 
[ft^l o] 

l 1 3 
[o o o l ] 

[0 0 0 23 
[0 0 0 3] 
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[0 0 0 4] 

Mmv&MMizmA+zmfc^xmw&^'&tffc < mm z nx v^„ u# 

[0 0 0 5] 

(multiwavelength anomalous dif fraction;M A D) ^(Hendrickson, W.A., Sc 
ience, 254, 51-58, 1991#JRD JC «fc *J 5fcft*3£ S» < 3 3i^*5tjS?«f 

[0 0 0 6] 

r © XSft££##r fc £ s * > a° * KaiLfcmmSkM o iciS b , 
2 -£5 £ -e * * It ic-t u > & # y £ * z: £ #t? s 

[0 0 0 7] 



3 



ffi$E#2 001-3096522 



#2 001 — 065799 



[0 0 0 8] 

zm*mz.fflmL&? t^zxy^tMco&f&xmt lt, mmmmm^m^x 

*lTV*£ (Miil Science 1988, 242, pll62-1164, #^¥4-200390#^#^ 

z m y r tf r t <d xn * & •* * £ v ^ e> % © t*& § . 

[0 0 0 9] 

L < §l m& &{& # o * -e nrnm & m e> *i x v * & ma t^#^ 

»J*aS*lfc38*f^S:MV^^^* (#^2000-175695#^$g#^) Xl$~& 
[0 0 10] 

[0011] 

[0 0 1 2] 
[HUB fc«>©^®] 

v * mm * > * tc & v * r , m * co ©*»f t ^nv^mz^^x 
, m&x^mAmxmm*tfmA2ftt=.mmmcozyA?wz&f&xg2>z£ 
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[0 0 13] 

z * y rf? 9t^(Dmmmm?-z^t!T $ ;s©^aw«!< 8 o 

[0014] 
[0 0 15] 

#ffitf!0>JSK:#S UVNjKflllCfcV^, ±3Bai*r*MRl«lC, ATPS^ iff 

[0 0 16] 
[0 0 17] 
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So 

[0 0 18] 
[0019] 

U yfcflfcfcfclBIS, H e L a C H 0*fljte;&tJfffi#BP#fc & *U # 

lC;fcJ©itSfl3fc©fc© (#J^.{^iiS 3 0«ttffi?K) Xl«S^a(Thermus 

thermophilus)E&3R©%(Z)^afv^^*S:»S^tcfeV^Tii* Lv>. i^ifS 
3 OjMJfc *fl&SA19 (ma, met) , BL21, BL21 star, BL21 codon plu 
sffi^rfr <Djj& (Pratt, J.M. et al., Transcription and translation - 

a practical approach, (1984), pp. 179-209, Henes, B.D. ilHiggins, S.J.JB 
, IRL Press, Oxford#M) ICiotl^T'tSU & £ ttPromegaft^Novag 
en*± P> rfflR $ *l -5 <D £ mm L X J: V a . 
[0 0 2 0] 
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*»ift3gifr-ei.5~ 7#J6JLt, P E GSfcJR"T?1.5~ 5 teJ£*_fc* t'll nTIBTf 

EGtfcJgT'l 0^<Z>^#§#nTtgT*&3(Nakano, H. et al.,±£#JK0. PEGS; 
KtC J: M»ffiMtCPEG^M£Mlf£rh{Cj:y#>/\-*«. & 

nmmmmwL^mm^mt.h. mmm^ («*'tf# : ?ii8mooo~i4,ooo) 

.PEG («itf# 8 0 0 0) , . */a«j/3ibr^n^/t KU 

# («*.tfSIGMAj±$i{<Z>Ficoll) *&(DlS&3-lRtoMt. &^tf£ il^TfSS. 

<£b „ 

[0 0 2 1 ] 
[0 0 2 2] 

-hSB^«f^?gjc«, *mms 3 o^&mmmmmmm uo~9om%) ©fate 

, Bfl9<D*>/^RS3-KtSDNAXttRNA (mRNA^) , ATP (0. 
5~5mM) , GTP (0.05~0.5mM) , CTP (0.05~0.5mM) , UTP (0.05~0. 

5mM) , mmm. mm. r$;m, rn a s emmm, mmm. sm^^^rn 

o *0ftB, ATPg^l, iKUf^^'Ja-jl/ (W^«PEG#BOOO) 
, 3',5'-cAMP, tiI(0.1~5mM), JItcM (MX-tfl-lOmMtf) V+JtT. l/>f 
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J&ttfflffiU RNasePIW&f, D N A Xi* R N AM R N A itf U ;* 9 -if S 1$ ^ 
[0 0 2 3] 

M»i£hLT&, MAtfHepes-KOH, Tris-OActf) J: ? *jRHf^&ftffl7f 
[0 0 2 4] 

#3&WtCfcV*T, AT Pn£&il VTitftt. L/< tt0.02~5/ig/AtL©^ L,y^- 
^df^-if ( CK ) hlO~100mM©^ l/7f 7x- h (CP) ©ifrS"t±# 

MnrtBTf&y, _hfa^^(cMx.«i~20mM(D/}NX^xy h (PEP 
) £0.01—1 nzl fiL<D¥j\s¥yM*cJ--H (PK) ©ffi-£it^#teMBrffiT?*><5 
0 3*l£PKMCK&mi%ADP£ATPfC|!|£^£^iiiT-&>K -^tl^Tl 
PE Pfc.fctfCP&MtiiLT&Sifc'tS. 
[0 0 2 5] 

gfi*Jtf>#>/\°^ftS:zi- FtS»iiDNAt't)RNAT'%I 
tS„ cDNA5^f^7U -^fr £ J: »J * n - >-fh L £ D N A 

flkfc&ilT?* o fclfc^ ? $ -s\<d v n - - > ^ i: v^e> M&igfE ^ i: & 
[0 0 2 6] 
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M^liMOTMli3iS25~50°C, L < &37r T'&£ # 

[0 0 2 7] 
[0 0 2 8] 

lift LTliX^©MSt5:SL (anomalous scattering) £ £B * $ -fr £ % CD X & tl 
We^V^, «fi?t±*«(Hg), &&(Pt), 3**1(1), ^(Fe)Xii-feUXSe 

ffiv^5z:^^^tL^^ 0 d*ie>-fe i/> satyrs ygfttt, 3H^©^Jt(s)Mf 
% -fe i/ >(se)j§mcfi&i- s i tc <fc o T&SKiSBirr s r t -5 . 

[0 0 2 9] 

1t0.5~3.0 mMCD^T*, L < &0.8—1.5 ■M©«g , r 
[0 0 3 0] 

r (D J: e> &MMf »J &A,i£ * > A * IC £M ^*C*&SHt Srfr o £ £ tc J: U , 
*)fc©i|gS (native crystal) tit^X # 1/ ft&^toWfflVLyi&tfc-ftlZ: < . M. 
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[0 0 3 1] 

&m*'J>l3l < £ % 8 0 %, mt L < it 9 0 %J^±, MlCftt L < 9 5 %J£A±tf> 
[0 0 3 2] 

rtt «©ttse jc^ c t © ® & jimbuc x ti»i:jifl^-& tw§s 0 m 

vh^77^-, ^flKfi#n"7 h^57^ hplc, m^&Sfr, ^n7b7* 
tc ^ & t #q» -y- > ^ ;i/ £ it 3£ h * # e> e> r £ # T?S & . 

[0 0 3 3] 
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[0 0 3 4] 

^SfblCMV^SttjRSrffhLTtt, i»T>^ ((NH 4 ) 2 S0 4 ), iith>j 
^A(Na 2 S0 4 ), ft^U^^A(LiCl), U h U ? A (Na 2 P0 4 ) ;* # 

[0 0 3 5] 

, */>*n hn>flcJW3t**e>»e>ti*o.3~3.oAcDas[^'r&s 0 mads», a 

tfcSLJCil££ C, r tUC J: o T # K©«3i»«f ^©fifflrafflSri!!^* r 

J: tC & »J , Hendr i ckson £ # 3 <Z> IC <fc o T 3tf #) T # > A ? St Ofll3t»ff iC 
ffi^Lfc (Hendrickson W.A. et al., Proteins 4, 77-88, 1988&t>\ Hendrick 
son W.A. et al., EMBO J. 5, 1665-1672, 1990#{R|) „ 
[0 0 3 6] 

t/yvu huymm^tnt. mmv yyizfti5&£tif=.m*itmmiz£^TM 
zm?z>a mmmmm^m<Dm^^mmM^tmm spring-8(8Gev)^#<gM 

[0 0 3 7] 
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[0 0 3 8] 

^ffS 3 0jftffiM&, ZubayP, (Annu. Rev. Geneti. 7, 267-287, 1973)CD# 
m\Z'&^>T. *fl§gBL21 codon plusflcfr &aMKU fc. 
[0 0 3 9] 

ZyrtVR&ft.ELl&WL G8*r«?R) liTIH©^ 1 C^L£,«©?§M2.1mL{C 
„ Ras^>^^jgt©^3B^^*-T?*SpK7-Ras (Kigawa et al., J. Bioaol. NM 
R, 6,129-134, 1995)&13/*ga&fltlU S{C±fH^M^ S 3 0 $Bfl&?*ffiM£0.9mL 

[0 0 4 0] 







Hepes-KOH (pH7. 5) 


58 mM 


DTT 


1.8 mM 


ATP 


1.2 mM 


GTP 


0.87 mM 


CTP 


0.87 mM 


UTP 


0.87 mM 


L- (-) -5—5, 6, 7, 8-rf7tKP Mm 


35 u g/mL 


•f-J jr y y ^AMP(cAMP) 


0.64 mM 




28 mM 




200 mM 


jH y ^ y 3— 7W8000(PEG8000) 


4.0% (w/v) 




81 mM 




11 mM 


^ < 19fl|^OT 5: / n 


£-1 mM 




1 mM 




0. 05% 




0.25 jLig/mL 


T7RNA/J? y ;* 9— t? 


0. 27 mg/mL 


RNT— t?Pfi*3li (Toyobo*±®0 


0. 5 U/mL 



12 {f}liE#2 0 0 1 - 3 0 9 6 5 2 2 



#2001—065799 

--tr, t7rna^u *^-T£jkmKr-vmmm*^tc.*><Ditm^fe 0 

[0 0 4 1 ] 

as©ftfc>^CCAT*tte^-£-^tfpK7-CAT (CAT|§Jg/^ # - ; Kim et al.,Eur. J. 
Biochem. 239, 881-886, 1996#M) £/g V^^-fe U J ;* ^-^^ >*§S£M;£ 
T £&>£U -£tf>MHI&l§f 1 lC*tL£ 8 ftfcCAT* fl©^ 

4i£ShawP>©:£?£ (Methods Enzymol. 735-755, 1975#flg) JCt£o t=. a ^©j^J; 

[0 0 4 2] 

3 mL(DmffiftmiZMLX30mL<Dm%tftM%:m%L. 37°C 7? 6 B#fl5> Spectra/ 
Por 7 (Spec trumftig) £ J§ v ^ T & ff «s "5 - il iC J: o T Ras # > 7\° ? £ ff 

MSJSHTf, l^-f n? y J -(Source 15Q) RXf^ffl/ 

aiifi^nvh^^7-r- (Superdex 75) JC «fc »J JAMS U SDSjKU U ^7 ^ K 
^«^*m(SDS-PAGE)JCT*>^^S«S©«IS&ffofc. *<Dffi^ SDS-PA 
GET' K 0 A y F #*fc ffl $ ft £ 0 

[0 0 4 3] 

[0 0 4 4] 

W *^*-y*&£te^tes#yA#Mt(DWfem^*mLfe B Ras 
iiN-^^g ifi jjs ;i/ ^ ;Wfc $ ft © h jfc jv ^ ;Wt £ ft t v ^ % v \ =fo © © 2 aig^#^£ 

U f*lW?i0S46 2t)©b;-^ (a^*, 19,494. 0&t>*19, 522.0) # 
fg#>£ft£ (02 (b) „ Ras^f>^^|Clcj±4-D©^^*->3S 

§ «>, # A 3ftfc-fel/yj***-=.;/ ©M^t & ft J| 
©H&saSJtOtr-^^ttmSftSBTIBffi^feS., I^b^&a2 (a) {CJ; 

fttf, -fe i/y ^^•^-->^ARas^>/^^a©^l!^^l§^^cfev^T ; fe±lH3^^;^^;l/ 
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19, 662. O&tf 19, 709.0) ©Jf?iDtt4 o <Z)^M^^t-^T 1/ >fWcg#|£ ft 
ftT^$:ifc2W£3ft$. £<Z>*gJH#e>, KJ^ffi&lCjcSiWJtt&li^&^Jl 

[0 0 4 5] 

[^M2] ^^^>#ARasdt>^^K©«gM 

M itjnVJim^h U *«MpH6.5), 2fetfl8%PEG8000i§?RlCSIJWb, A>=¥>^K 

n y ^^ffiftSs »c <fc *; , -fe i/ y * ^ * - y m ARas # > ^ ^ fc © MUtt & *? o 

fc„ _hfB#>;\ o ?ft?§?££0.2 M 0.1 M ^jn^l/ithU7A 

(PH6.5), 3tOtl8%PEG8000»?R©ft#T> tlf^tA>^>^KD «y ^SlC 
<fc 'J, 20°C-e2 BISfirtibfcfc::3Bl3 Kj^LfcJ:e>fcj|gJI#£/fcLfc„ 
[0 0 4 6] 

[HMM 3 ] Xjfift&JIftttfT fC J: 3Ras# «0:ft##3t#$T 

m6M2-eW»Lfe^=S:MV^ aW»*WS«5mo^:Sac»«J6l2Spring-8(8 
GeV)(Dfcf-A^-f >(BL44B2)iCj;-5>X^^tf : l:^ofe 0 EKti, X^lR^C 
illllfllSi (X-ray Absorption Fine Structure) J;£Ras# W> 

^{c^v^rx^^^iR^^^ft, MADSia 

fctfaUBSft*. 

[0 0 4 7] 

^SM^fcCMAD)^^^^^-^®^^, ifHxa^iKM^©-? 
-#(Cgo~^T, 4a^OM^ (0.979251A, 0.978815A, 0.971148A&t>*0.98 
6604A) Vn-of^c &ffi8kfe]kZ$m s ?'&!mme>ft$.1,Z. DENZO/SCALEPACK (Otwin 
owski, Z. and Minor, W. , Macromol .Crystal logr. , A276, 307-326, 1997#flg) 
, SHARP (de la Fortelle, E. , Irwin, J.J., and Bricogne, G. Crystallogr. 
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Comput., 7, 1-9, 1997#flg), Shake-and-Bake (Miller, R. , DeTitra,G.T. , Jo 
nes, R. , Langs, D.A., Weeks, CM., and Hauptman, H.A. Science, 259, 1430 
-1433, 1993#flg), SOLOMON (Collaborative Computational Project Number 4, 
Acta Crystallogr. , D50, 760-763, 1994#flg), 0 (Jones, T. A., Zou,J.Y., Co 
wan,S.W., and Kjeldgaard, Acta Crystallogr., A47, 110-119, 1991#figK R 
tfCNS (Brunger.A.T. et al., Acta Crystallogr., D54, 905-921, 1998#Bg)<£> 

, MMM 3 1> Is J * ->mMZft ^ fetes* y ? W&ffiMiiSellet- 

Ras(CF))#, *mm&MmT*%mmi*f&Lffi^tLfe*j<D (Ras (in vivo)) & 

xfmmm * y a° # t* iz v j * ^ * n y mm * ft t> t l m&it l & 

fe(D(Ras (CF))£|ig-®£ra£^&^l^£^U 3 i 

[0 0 4 8] 





Ras (in vivo) Ras(CF) 


SeMet-Ras (CF) 


?£Pe*JS¥ (space group) 


P6522 


P6522 


P6522 




83 


83 


83 




103 


103 


103 


R-sym 


0 


0 


0 


(2. 02-2. 00) 


0 


0 


0 


tt;^[4 (Completeness (%) ) 


1 


1 


1 


(2. 02-2. 00) 


1 


1 


1 


^&f§L (multiprisi ty (a/b) ) 


15 


16 


19 


Jfi3!ZlSMi5C (unique reflections (a) ) 


14692 


14678 


14558 


observed reflection 


219513 


232493 


271633 


1/(7 


9 


9 


17 



[0 0 4 9] 
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[*3] MADi&KJiSXMtfgSJBtfrT 5 -* 

JSS U (A)) 0. 979251 0. 978815 0.971148 0. 986604 

(edge) (peak) (remotel) (remote2) 

ftMfli&W (Resolution range (A) 20-2 20-2 20-2 20-2 

iU/SKSt^C (Measurements) 274641 219328 276044 271022 

l&iLfcftgc (Unique reflections) 14539 14566 14547 14539 

(Completeness (%)) 99.6(99.8) 99.5(98.5) 99.6(100) 99.2(84.7) 

</>/<o(J)> 19.6 19.6 19 19.3 

RsymU") (%) 5.6(15.1) 5.7(14.8) 6.1(16.7) 5.3(14.2) 

■utffl^Etf-flt (Phasing statistics) 
(20-2A) 

Mean figure of merit 0. 7181 

Rcull is (dispersive) - 0.63 0.56 0.67 

Rcullis (anomalous) 0.7 0.62 0.58 0.95 

■ufrlE&ryfo/j (Phasing power) - 1.92 2.24 1.77 

Refinement statistics 

Rcryst (Rf ree) (%) 23. 8 (28. 3) 

rmsd bond length (A) 0. 00641 

rmsd bond angles (° ) 1. 11043 

rmsd impropersC ) 0. 70115 

[0 0 5 0] 

ZL <D J: 3 \Z L X Mffi b tc -fe V J * * * - y Ras % y /\° * g <D iLfoMm =E rJl (Ra 
s-GDP (Ce 1 1-f ree) ) £ , deVos £ JC i; o T ^ "e IC^g'g £ *l T ^ £ ^ -r ;i/ (Ras-GDP ( i 

[0 0 5 1] 

titmhx, nm*&&t}.#yrt9R*mtoTm&KR^ttK&m't&ziitfi 

[0 0 5 2] 

-ztv b&mmmffimtfmiLzti. zyrtpftamm-frbmmzmbfrizLTm 
mi] 

mmm *ynv 9t&m& k&^x mmmM^mizmu bfeizw*^*- 
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[02] 

y 9 W&f&Zh-e&tfC h £Ras# yrt V MftMAfttifmiz <fc 
JH-e&£ 0 (a) Ji-fe I/; ;*^;f->£2gAb£Ras#>7\ 8 ^f| 0 (b) liiz 1/ 
y ^ ^ # ~ y % £ fjt v ^ R a s # y j \° ^ ft & & 0 
[03] 

[04] 

•fe L/7^^^->&^t?Ras^>y\°^K^^©X«MWit(XAFS)©M^ 
[05] 

Ras %yA>j fKDftfcmm: ZnytZa.-* #57 4 y 9 gkB Lf=.3b(D 
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[02] 
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[03] 



SeMet-Ras (CF) 





#2001—065799 




00 

ay 



cvj 

CO 



oo 



oo 
o 



CO 
CD 



O 

CO 



in 



CO Csl 



o 
o 



CD 



4 



ffi|E# 2001-3096522 



#2 001-065799 



[H5] 



Ras-GDP (Cell-free) 



V'm,;, :; .• ■■■■ 



Ras-GDP (/« v/vo) 



A. M.deVos etaL(l9S$) 
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mm] 

[MM] 

s&t*isttmmM*yrt9n&i&&iz'&&xmmM,mffiKmisit#yrt>7 

r*&zz£iz&ffizm?zimmM$yA?M&m?friz£ »J 9 y*9 
01 
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m m A 



M## (0 0 0 0 0 6 7 9 2) 

1 9 9 0^ 8^280 



i 
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